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ABSTRACT 
 
Ceramic materials have been widely used for various purposes in many different industries due to certain 
characteristics, such as high melting point and high resistance to corrosion. In the nuclear area, ceramics are of 
great importance due to the process of fabrication of fuel pellets for nuclear reactors. Generally, high accuracy 
destructive  techniques are used to characterize nuclear materials for fuel fabrication. These techniques  usually 
require costly equipment and facilities, as well as experienced personnel. This paper aims at  presenting an 
analysis methodology for UO2 pellets using a non-destructive ultrasonic technique for porosity measurement. 
This technique differs from traditional  ultrasonic techniques in the sense it uses ultrasonic pulses in frequency 
domain instead of time domain. Therefore, specific characteristics of the analyzed material are associated with 
the obtained frequency spectrum. In the present work,  four fuel grade UO2 pellets were analyzed and the 
corresponding results evaluated. 
 
1. INTRODUCTION 
 
When doing a thermal analysis of UO2 fuel pellets, it appears that their thermal 
conductivity is influenced by several factorsThe porosity can be mentioned as one of the most 
important factors. The higher is the porosity, the lower is the thermal conductivity. 
So, a low porosity is desired to maximize the thermal conductivity, improving the 
flow of heat in the pellet. However,  gaseous fission products originated in the pellets  as 
result of   nuclear reactions increase the internal pressure and may cause cracks and 
deformations of  the pellets. In this way, a certain degree of porosity is desired to 
accommodate the gaseous fission products, minimizing the chance of possible deformation of 
the fuel by swelling or cracking. In General, controlling the sintering process conditions 
(pressure and temperature), can produce pellets with the desired porosity level. In order to 
verify  the porosity levels, destructive techniques are normally used, which involve complex 
analysis procedures and are cost and time consuming. Given this scenario, ultrasonic 
techniques can be considered as a possible alternative for analysis and characterization of  
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nuclear fuel pellets [1, 2]. Traditional ultrasonic techniques are based on  time domain for the 
analysis of  such material. However, previous investigations have shown that the use of the 
frequency domain can provide valuable information for a consistent  characterization of this 
material [3-6]. The Ultrasound Laboratory of the Instituto de Engenharia Nuclear 
(LABUS/IEN) has developed an ultrasonic  technique, based on  frequency domain,  for 
analysis and possible characterization of UO2 pellets. However, in previous work [7-9],  
ceramic Alumina pellets (Al2O3) were used to  simulate UO2 pellets, allowing the analysis by 
direct coupling between the ultrasound transducer and the samples . However, in this study, 
natural UO2 pellets available at the Brazilian Safeguards Laboratory  (LASAL) were used, 
which required the development of an experimental apparatus that allowed measurement of 
the pellets without direct contact with the transducer. In this technique, the ultrasound 
transducer and the sample are immersed in purified water, allowing the ultrasonic wave to be 
transmitted without physical  contact between the pellet and the transducer. This work focus 
on  the development of a methodology based on underwater ultrasonic transmission for the 
characterization of UO2 pellets. Preliminary results for four natural UO2 pellets are shown. 
The work explores the characterization technique by frequency spectrum and also compares 
the results against the traditional approach based on  time domain. 
 
2. MATERIALS AND METHODS  
 
The experimental apparatus used is composed of a conventional desktop computer, a 
pulse generator ISONIC utPod Sonotron NDT brand (Figure 1A), an amplitude filter, an 
analog digital oscilloscope from tektronics, model 3032B (Figure 1B), and an immersion 
transducer Panametrics of 5 MHz coupled to a device specially designed to accommodate the 
UO2 pellets in a fixed and reproducible geometry. 
 
 
 
A B 
 
Figure 1: Equipment: pulse Generator (A) and Oscilloscope (B). 
 
 
For this study, it was necessary to the develop and construct  a special device suitable for 
measurements  of the pellets under  water immersion. In this device, the pellets are positioned 
in a fixed circular geometry, fully underwater. The transducer  can rotate freely on a support  
that has a shaft at its center. In Figure 2, this device can be seen still in the testing phase, with 
Alumina pellets. 
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Figure 2: Device for immersion test of UO2 pellets, however, still in the testing phase 
with Alumina pellets. 
 
In the design  of the device, a minimum immersion volume has been considered in order 
to minimize the amount of water needed to fill that volume (about 40 ml). This is to minimize 
the amount of contaminated water and facilitate decontamination of the device after 
experiments. The Figure 3 shows the UO2 pellet in the device. 
 
           
 
Figure 3: Positioning of the transducer and the pellets for measurements. 
 
 
This experiment was carried out in three days, using four natural UO2 pellets (Figure 
4), with the acquisition of 40 ultrasonic spectra for each pellet. 
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Figure 4: Natural UO2 pellets used during the experiments. 
 
 
The steps taken in each day for the acquisition of spectra are described below: 
 
• Insert the pellet in the support with the hollow side down; 
• Make the acquisition of the first spectrum (S1); 
• Rotate the pellet nine times (approx. 36° at a time) and perform the acquisition of a 
new spectrum (S2, S3, ..., S10); 
• Remove and dry the pellet. 
 
It is important to mention that each rotation  of the pellet was determined visually and in 
order to complete 360o  at the end of the last rotation. This procedure was adopted in order to 
achieve a more homogeneous mapping of the pellets. 
Ten measurements were performed on each pellet and the procedure was repeated four 
times, resulting in forty spectra for each pellet. .  
The dimensions of each pellet were measured at 0.02 mm accuracy, as well as the 
ultrasonic time of flight for calculation of the corresponding velocity.  The ultrasonic signals 
in the time domain were processed with the Software Chronos, developed in IEN, which uses  
cross-correlation and interpolation, and is capable of providing time readings at 0.8 ns 
accuracy. The velocity was derived from the former data. 
 
The density of the pellets were determined based on the following steps: 
 
1  - Determine the mass of the pellet using an analytical balance (m); 
2 -  Fill the measuring cylinder to the mark with water (10 ml), taking care to 
eliminate any air bubble trapped in the walls; 
1. Determine the mass of the beaker + water (M); 
2. Empty the beaker and  put the pellet inside ; 
3. Fill with water up to the dash (10 ml), taking care to eliminate any air bubble trapped in 
your walls and determine the mass of the becker + water + pellet (M’); 
4. Determine the mass of water m’=M'-M; 
5. Determine the relative density  d=m/m’. 
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It is important to note that this  procedure was performed with  purified water at a 
temperature of approximately 6° C. Under this condition, the density of the water is very 
close to 1 g/cm3 (0.99997 g/cm3). 
 
3. RESULTS AND DISCUSSIONS 
 
Figure 5 shows the ten Spectra collected on the first day and the average spectra (M1, 
M2, M3 and M4) obtained from these signals. 
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Figure 5: frequency Spectra of ultrasonic signal after travel  
through the four pellets of UO2 and their respective averages. 
 
All spectra have basically the same shape, except the spectra 6 of pellet 4 in figure D, 
you can see changes in spectra of all the pads due to its rotation. Such variations are not 
expected and additional investigation  are needed so that they can be adequately justified. 
However, it is interesting to note that if we consider the average of these spectra, they 
present a similar shape , and even on different days, can be used to represent each of the 
pellets, as shown in Figure 6. 
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Figure 6: average frequency spectra of ultrasonic signals of the four 
UO2 pellets in the three days of the experiment. 
 
 
From the spectra presented in Figure 6, one can observe a slightly smaller  amplitude  
for the third day. As this can be seen in all the pellets on the same day, probably the result of 
a change in system setting transducer positioning, etc, which does not compromise measure 
carried out, since these Spectra follow the same trend, but indicates that ultrasonic spectrum 
measurements  should be evaluated considering average results.  
Figure 7 shows that when comparing the general average (performed with all spectra 
of each pad), it turns out that the pellets 1, 2 and 3 are ultrasonically equivalent, showing 
spectrum (middle). However, the pellet 4 presented a different spectrum of the trend in the 
other pellets, which means that there are an ultrasonic characteristics that enable you to 
distinguish it from the other. 
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Figure 7: Average Spectrum for each pellet 
 
 
In order to corroborate with the comments obtained by the technique of frequency 
spectrum, employed in this work, and since there were the availability of ultrasonic signals in 
time, ultrasonic time of flights were obtained in each pellet and calculated their speeds. Table 
1 shows the values obtained in dimensional measurements, ultrasonic time of fly and 
velocities. 
   
 
Table 1: values of height, time and ultrasonic velocity in each pellet. 
 
Pellets Height (mm) ± 0.02 Time (ηs) ±0.8 Velocity (m/s) ±11 
1 9.51 1821.2 5222 
2 9.51 1819.8 5226 
3 9.42 1810.4 5203 
4 9.45 1831.4 5160 
 
 
When evaluating the data shown in Table 1, it is also possible to see significant 
difference in speed result in the pellet 4. So, again the results suggest that the different 
features of the other 4. 
The literature shows that the likely features responsible for the differences in the 
frequency spectrum of the pellet 4 may be : density, porosity, pore size and distribution and 
grain etc 1, 2, 5, 6 and 7. The ultrasonic wave velocity is also function of these characteristics 
of the material. 
In order to verify at least the aspect related to one of these measures were carried out 
at the feature density for the four tablets of UO2 whose results are presented in table 2. 
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Table 2: values of density of UO2 pellets. 
Pellets Calculated density g/cm3 
Average density 
g/cm3 
Diference from average 
(g/cm3) 
1 10.45276 -0.0015 
2 10.44913 -0.0051 
3 10.39520 -0.0590 
4 10.51988 
10.45424 
0.0656 
 
The results of Table 2 shows that the pellet 4 has the highest density of the analised 
tablets, in addition to the biggest difference compared to the average value of density. 
However, more detailed studies need to be carried out in order to determine other 
characteristics of pellets for which ultrasound is sensitive. 
This is justified because the pellet 3 also presented significant difference in relation to 
the average density of the other (however to a lower value), and yet it has not been possible 
to observe changes in its spectrum compared to observed in tablets1 and 2 . 
 
 
 
4. CONCLUSIONS  
 
In this work it was possible to assess, both in the frequency domain (Spectra) in the 
time domain (speed) a set of 4 natural UO2 pellets. The pellets 1, 2 and 3 presented 
equivalent results (spectra and speeds). However, the two ultrasonic analyses carried out 
indicate that the pellet 4 has different acoustic characteristics of the others. Nevertheless, both 
ultrasonic analysis performed showed that pellet 4 has different characteristic when compared 
to the others. The density is the possible cause for this ultrasonic behavior.  
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